We analyzed the distribution of EMXl during mouse development. EMXl is a homeoprotein encoded by Emxl, a regulatory homeobox gene expressed in the developing forebrain. Its distribution essentially overlaps the expression domains of End transcripts. The EMXl protein is present in the developing dorsal telencephalon, that is, in the cerebral cortex, olfactory bulb and hippocampus. In the cerebral cortex EMXl is present in nuclei of proliferating, differentiating and most mature neurons belonging to all cortical layers. In the olfactory bulb it is present in all proliferating cells during development, whereas postnatally it is faintly expressed in some mitral cells. Non-cerebral localizations include a transient expression in branchial pouches, in the apical ectodermal ridge of the developing limbs and in the developing kidney. Of particular interest is the presence of EMXl in the olfactory nerve from its first appearance during embryogenesis to birth. The protein is present in axons of olfactory sensory neurons along their entire length, including their terminals in spherical regions of neuropil in the olfactory bulb called glomeruli.
Introduction
Ever since their discovery, homeobox genes (reviewed in McGinnis and Krumlauf, 1992; Krumlauf, 1994; Carrol, 1995) have been intensively studied in the hope of identifying their role in defining the regional identity of the various regions in which the developing metazoan body can be subdivided. Much has been learned about their direct or indirect function in the regionalization of axial body structures, both in flies and vertebrates. In the central nervous system of vertebrates, the role of the Hex homeobox gene family has received considerable attention and these studies have contributed to our knowledge of the regionalization of the branchial area and spinal cord (Hunt et al., 1991; Krumlauf, 1994 al., 1994), Dlx (Porteus et al., 1991; Price et al., 1991 Price et al., , 1992 Bulfone et al., 1993; Simeone et al., 1994; reviewed in Boncinelli, 1994) , Dbx (Lu et al., 1992) and Nkx (Price et al., 1991) families have contributed to our knowledge of the development of more anterior regions of the central nervous system (CNS) and led to the proposal of a general model for brain regionalization Rubenstein et al., 1994) .
In all these cases the spatio-temporal extension of the functional domains of these genes has been analyzed by means of in situ hybridization experiments, aimed at localizing their transcripts. Conversely, very little is known about the distribution of their protein products, even if there is no compelling reason why the expression domains of these transcripts and their encoded proteins should not coincide. The analysis of the corresponding proteins is generally expected to confirm the expression data obtained from the in situ hybridization studies, but might also cast new light on the role of the protein products in specific regions of the body. Here, we report the distribution of EMXl, the protein product of Emxl, a homeobox gene expressed in the developing forebrain (Simeone et al., 1992a,b; Boncinelli et al., 1995; Gulisano et al., 1996) , during mouse embryogenesis. This gene contains a homeobox homologous to that present in empty spiracles (ems), a Drosophila gene expressed in the developing head (Dalton et al., 1989; Cohen and Jurgens, 1991; Walldorf and Gehring, 1992) . It was originally found together with Emx.2, a closely related gene, and its expression in mouse embryogenesis was analyzed (Simeone et al., 1992b ) and compared to that of Emx2 and of two other homeobox genes, Otxl and 0tx2 (Simeone et al., 1992a (Simeone et al., , 1993 containing a homeobox homologous to that of arthadenticfe (or& another Drosophila gene expressed in the developing head (Finkelstein et al., 1990; Finkelstein and Perrimon, 1991; Wieschaus et al., 1992; Finkelstein and Boncinelli, 1994) . A role has been proposed for the four genes in the regionalization of the brain. In fact, we showed that at a developmental stage when the specification of major brain regions takes place and before neurogenesis starts, their expression domains are continuous regions of the developing brain contained within each other in the sequence EmsI< Emx2 c Otxl c Otx2 (Simeone et al. 1992a) . We have shown in particular that Emxl transcripts are at this stage confined to dorsal telencephalon, including the developing cerebral cortex, olfactory bulb, and hippocampus (Simeone et al., 1992a,b; Boncinelli et al., , 1995 . In the cerebral cortex Emxl transcripts are detectable in both proliferating and differentiated neurons, throughout the cortical layers and during all developmental stages (Boncinelli et al., 1995; Gulisano et al., 1996) .
The EMXl protein is localized in cells of the developing cerebral cortex, olfactory bulb and hippocampus. In particular, it is present in most cortical neurons, during proliferation, migration, differentiation and maturation. EMXl is also expressed in cells of a few specific cerebral nuclei in the developing diencephalon and mesencephalon. In all these cells EMXl is localized in the nucleus, as expected for a transcription factor. On the other hand, analysis of the developing olfactory nerve in late gestation and post-natal mice reveals the presence of EMXl along its entire length including the terminals of single olfactory neurons in glomeruli of the olfactory bulb.
Results

Preparation and characterization of anti-EMXI polyclonal antiserum
A rabbit polyclonal antiserum was prepared against the purified recombinant human EMXl protein produced with the Baculovirus expression system as described in Section 4. As shown in Fig. lA , the obtained polyclonal anti-EMXl antiserum strongly reacts in Western blot with EMXl (31 kDa) present in total nuclear lysates of Sf9 cells infected with the recombinant virus Baculogold/ EMXl. As expected on the basis of the very high degree of identity existing between the EMXl and the EMX2 proteins (Simeone et al., 1992b) , the anti-EMXl antiserum weakly crossreacted with total nuclear lysates of Sf9 cells infected with the recombinant virus Baculogold/ EMX2 (33 kDa; not shown). Thus, the anti-EMXl antiserum was adsorbed with the recombinant EMX2 protein immobilized on CNBr-activated Sepharose 4B (see Experimental Procedures). The EMX2-adsorbed anti-EMXl antiserum did not show any crossreaction in Western blot with the recombinant EMX2 protein (Fig. IA) and was then used to control the staining specificity on mouse embryo sections (see below).
In order to determine whether the anti-EMXl antiserum was able to recognize the fully processed EMXI expressed in human cells, HeLa cells were transiently transfected with the expression construct pCMV-EMXl (see
A B
KDa KDa Section 4). Immunofluorescent analysis of transfected cells showed that nuclei of approximately 20% of HeLa cells were brightly stained when reacted with the antiEMXl antiserum (Fig. lC) , while cells transiently transfected with the vector alone were negative (not shown).
A Western blot of total lysates of the telencephalon from an embryonic day 13.5 (E13.5) mouse, a new-born, and a 15-day-old mouse ( Fig. 1B) reacted with the EMXZadsorbed anti-EMXl antiserum showed a band at a position corresponding to EMXl (31 kDa), as expected on the basis of the very high homology existing between the human and the mouse Emxl coding regions (Simeone et al., 199213) .
EMXl in early embryogenesis
EMXl presence was first detectable at E9.5 ( Fig. 2A ) in the presumptive dorsal telencephalon before any clear indication of forebrain regionalization. This localization persisted in E10.5 and E11.5 embryos (Fig. 2B,C) . The extension of this domain, including anteriorly the presumptive olfactory bulb and posteriorly the presumptive hippocampal region, corresponds to the expression domain of Emxl transcripts. At these stages anterior and posterior boundaries of this domain are not yet very sharp.
EMXl protein was also present in the uro-genital tract ( Fig. 2A) , in branchial pouches (Fig. 2E ) and in the apical ectodermal ridge of the developing limbs (Fig. 2D) . In all these cases EMXl is localized in cell nuclei.
EMXI in the developing brain
EMXI protein was detectable in dorsal telencephalon of mid-and late gestation embryos and of post-natal mice (Fig. 3) . It was clearly distributed in the presumptive cerebral cortex, olfactory bulb and hippocampus. The difference between EMXl distribution in the cortex and the bulb began to be clearly detectable in E13.5 embryos (Fig. 3A,B, arrowhead) . In fact, the olfactory bulb primordium lacks the external layer present in the cortex, and corresponding to its marginal zone, where EMXl is never present. Also starting from about E13.5, EMXl was clearly detectable in the olfactory nerve ( Fig. 3A -E) along its entire length from the developing olfactory epithelium to the bulb (see below).
The intensity of EMXl expression slightly decreased in the course of development but the protein was still detectable even in the post-natal cerebral cortex (Fig. 3E,F) . Developing hippocampus and dentate gyrus ( Fig. 3F) were particularly evident localizations.
EMXl in the developing cerebral cortex
The distribution of Earl transcripts was previously analyzed in detail in the developing cortex (Boncinelli et al. 1995; Gulisano et al., 1996) . Here, at least three major zones can be defined during embryonic development: the germinal neuroepithelium or ventricular zone (VZ), where cortical neurons proliferate; a so-called transitional field; and finally, the forming cortical plate (CP) from which the cortical gray matter will subsequently develop (Bayer and Altman, 1991) . Immediately beneath the cortical plate, a specific transient population of early generated neurons is observable which is termed subplate (SP). At the beginning and up to E12.5, the germinal neuroepithelium of the ventricular zone is practically the sole component of the prosencephalic wall. Then a transitional field appears. This includes the subventricular zone, a zone whose nature remains poorly known, and the intermediate zone (12) to where differentiating cortical cells translocate before migrating to outer regions. As development proceeds, the thickness of the cortical plate progressively increases. Both the transitional field and the cortical plate develop at the expense of the proliferating neuroepithelium according to specific spatial and temporal gradients within the forming cortex.
Emxl transcripts (Boncinelli et al., 1995; Gulisano et al., 1996) are present in proliferating neuroblasts of the ventricular zone, in migrating neurons of the intermediate zone, in differentiating neurons of the cortical plate and in the mature neurons of the cerebral cortex.
The distribution of the EMXl protein closely paralleled that of Emxl transcripts. It appears to be present in virtually all cortical neurons, although in varying abundance, during proliferation, migration and differentiation. The signal is particularly strong in the ventricular zone between day 10.5 and 17.5 ( Fig. 4A-E) . Around birth and immediately after, the signal is stronger in the forming deep layers 5 and 6 and in the subplate, but detectable in all cortical layers to the exclusion of layer 1 derived from the marginal zone. (Fig. 4F,G ).
An excess of EMXl protein virtually abolished ( Fig.  4H ) any cortical staining, whereas an excess of recombinant EMX2 protein does not affect significantly the signal, even if it slightly reduces its intensity in the ventricular zone (Fig. 41) . It is conceivable to assume that a very small portion of the signal detectable in the ventricular zone of the cortex derived from a weak crossreaction of our antiserum with EMX2, expected to be very abundant in proliferating cortical neuroblasts (Boncinelli et al., 1995; Gulisano et al., 1996) .
EMXl in the olfactory region
Of particular interest is the expression of EMXl protein in the olfactory bulb and in the incoming olfactory nerve (Fig. 5A-E) . The olfactory bulb develops in the medial-anterior portion of each hemisphere of dorsal telencephalon. It is known to differentiate under the influence of the adjacent olfactory placode (reviewed in Stout and Graziadei, 1980 ) and more directly upon the arrival of pioneer fibers of the olfactory nerve reaching from the olfactory epithelium of the developing nasal cavity (Gong and Shipley, 1995) . At El05 (Fig. 5A ) it was not possible to distinguish any separate structure in this region, even if individual cells expressing EMXl were present in the outermost layer of neuroepithelium at some distance from the antero-basal border of the presumptive cerebral cortex. At E13.5 (Fig. 5B) , after the arrival of fibers of the olfactory nerve, expression in the developing olfactory bulb was clearly detectable. In cells of all these telencephalic structures EMXl was localized in the nuclei. Interestingly, from this stage on, EMXl expression was detectable in axons of neurons of the developing olfactory nerve. This was evident along the entire length from the olfactory epithelium of the developing nose to the terminals touching the olfactory bulb (Fig. 5B,C) . Within the developing olfactory bulb ( Fig. 5C ; see also Fig. 3C -E) EMXl was detectable in nuclei of proliferating cells of the mitral and granular layers, while around its external surface, EMXl expression clearly demarcated the surrounding olfactory nerve layer.
At the end of development, in the P15 olfactory bulb (Fig. 5E,F) , EMXl was faintly expressed in nuclei of some mitral cells (arrowheads in Fig. 5F ), and clearly detectable in the surrounding olfactory nerve layer and in the external neuropil, precisely where terminals of the olfactory nerve synapse dendrites of axons deriving from bulbar cells of the mitral and tufted type. This takes place in specific microscopic spheroid or ellipsoid structures called glomeruli. Higher magnification (Fig. 5F ) actually revealed that EMXl was present in these structures, but most probably exclusively in the terminals of axons of the olfactory nerve.
To control staining specificity, adjacent transverse sections of embryos and post-natal mice at different stages (PO is shown in Fig. 6 ) were processed for immunohistochemistry either with the anti-EMXl antiserum or with the EMXZadsorbed anti-EMXl antiserum. No difference in the signal was evident between not-adsorbed and adsorbed antiserum, suggesting that the signal in the olfactory nerve is not due to a crossreaction of the antiserum with the EMX2 protein.
EMXl was also detectable in nuclei of individual cells present in a few developing cerebral nuclei located at the boundary between diencephalon and mesencephalon ( Fig.  5G ) and in the posterior mesencephalon (Fig. 5H,I ). Outside the head, EMXl was also detected in developing meso-and metanephric structures (Fig. 5J-L) .
Discussion
We analyzed the expression of the EMXl protein in the developing mouse. This protein was found in a number of specific localizations mostly confined to the head. Some of these localizations coincided with the expression domains of the corresponding mRNA, as revealed by in situ hybridization experiments (Simeone et al., 1992a,b; Boncinelli et al., 1995; Gulisano et al., 1996) . Some of them were essentially expected on the basis of the mRNA localization but the histochemical detection of the protein product produced a more detailed view due to its higher resolution. Finally, some of them appeared novel and unexpected.
The main expression domain of both the EMXl protein and the corresponding transcripts is in the developing dorsal telencephalon, including the presumptive cerebral cortex, olfactory bulb and hippocampal regions (Figs. 2-4) (Simeone et al., 1992a,b; Boncinelli et al., 1995) . The EMXl protein was also present in some cerebral and noncephalic sites which were difficult to study with in situ hybridization experiments. Among these there are specific cerebral nuclei in the developing diencephalon and mesencephalon, in cells of the apical ectodermal region of developing limbs, in early branchial and nephrogenic structures. Conversely, entirely new and unexpected is the presence of the EMXl protein all along the olfactory nerve.
EMXl in the cerebral cortex
We have previously shown that End expression is exclusively confined to the dorsal telencephalic neuroepithelium since its first expression in E9.5 mouse embryos, even before cortical neurogenesis starts (Simeone et al., 1992a,b) . We have also analyzed Emxl expression during neurogenesis and neocortex lamination in the mouse (Boncinelli et al., 1995) . Em1 remains expressed in the dorsal telencephalon throughout the whole period of mouse cortical neurogenesis (El l-E17) (Angevine and Sidman, 1961; Caviness et al., 1981) . Unlike Emx2, which is localized exclusively in the ventricular zone throughout neurogenesis, Emxl is clearly expressed in the whole thickness of dorsal telencephalon, i.e. ventricular zone, intermediate zone and cortical plate. Its borders of expression clearly demarcate a territory comprised within dorsal telencephalon that will give rise to adult cerebral cortex. ) indicates the boundary between the developing cerebral cortex and the presumptive olfactory bulb. CB, cerebellum; CC, cerebral cortex; DG, dentate gyrus; Di, diencephalon; GE, ganglionic eminence; HP, hippocampus; Me, mesencephalon; OB, olfactory bulb; OE, olfactory epithelium; ON, olfactory nerve. ML, presumptive mitral layer; NE, neuroepithelium; OB, olfactory bulb; OE, olfactory epitbelium; ONL, olfactory nerve layer; Te, telencephalon. The distribution of the EMXI protein essentially confirms and refines this analysis. It is first present in cell nuclei of neuroepithelium of dorsal telencephalon (Figs.  2A,B and 4A) . The anterior and posterior boundaries of this expression domain are already clearly demarcated, even if not yet so sharp. They coincide with the limits of a cerebral area constituted of neopallial, including presumptive olfactory bulbs, archipallial and pararchipallial regions in the dorsal telencephalon, with the total exclusion of basal structures which never contain any EMXlexpressing cell. When cortical neurogenesis starts, EMXl is present in proliferating neuroblasts of the so-called ventricular zone (Figs. 2C, 3A and 4B,C). At E12.5 this is practically the sole component of the telencephalic wall, even if the first postmitotic neurons are probably already born (Angevine and Sidman, 1961; Bayer and Ahman, 1991) . During this period EMXI expression spans the whole thickness of the dorsal telencephalon, where cells are very heavily packed, and we were actually unable to see any negative cell.
The maturation of the telencephalic cortex entails a series of events spatially and temporally regulated. As soon as they are born, postmitotic neurons leave the ventricular zone and start to migrate toward outer regions where they organize themselves in an ordered fashion according to their birthdate. EMXI protein is clearly present in most post-mitotic cells, whether migrating, differentiating or differentiated (Figs. 3 and 4) . The intensity of the histochemical signal is not uniform in space and time, as was the case for the in situ hybridization signal (Simeone et al., 1992b; Boncinelli et al., 1995) . In fact, as development proceeds there is a genera1 decrease in intensity, as evident from general views of the cortical regions (Fig. 3) . Nevertheless, a more detailed view (Fig. 4) reveals that most single cells are positive throughout the observed period, even with progressively reduced intensity. This observation is confirmed by the Western blot analysis ( Fig. 1 and data not shown) .
EMXl is also present in neurons during late embryonic and early post-natal development (Figs. 3D-F and 4E-G) . During this period EMXl is present in essentially a11 cortical layers with the exception of layer 1, corre-sponding to the marginal zone. Its intensity looks particularly high in deep layers 5 and 6 and in the subplate (Fig.  4F,G) . The subplate is a layer of early generated neurons lying just beneath the cortical plate. Subplate neurons seem to participate in early functional circuitry: they receive synaptic inputs from waiting thalamic afferents and make axonal projections onto the cortical plate. They may function as a cellular scaffold to drive correctly incoming thalamic axons to cortical targets and to direct efferent projections (Allendoerfer and Shatz, 1994) . Moreover, some experiments have suggested that the subplate shows basic features of cortical organization (e.g. neurotransmitter specificities or calbindin immunoreactivity) later projected onto the layers of the adult cerebral cortex (Antonini and Shatz, 1990; Allendoerfer and Shatz, 1994) . All this led to the suggestion (Shatz, 1992 ) that the subplate might constitute a sort of protomap for the future organization of the cerebral cortex in functional areas (Rakic, 1988; O'Leary, 1989; Shatz, 1992) . EMXl is highly expressed in at least a subset of subplate neurons. Different populations of neurons have been identified in the subplate, either because of their different immunoreactivity to calbindin or because some of them utilize excitatory aminoacids (Antonini and Shatz, 1990) . It remains to be assessed whether EMXl expression specifically correlates to one of these distinct neuronal subpopulations.
Near and immediately after birth, EMXl shows a certain heterogeneity of expression across the areas of the post-natal brain, with a stronger expression in posterolateral areas than in antero-medial areas (Fig. 2E,F) . This phenomenon, already observed for Emxl transcripts (Boncinelli et al., 1995; Gulisano et al., 1996) , appears to be even more conspicuous at the protein level. It might reflect an intrinsic asymmetry between occipital areas and more anterior neocortical regions. The functional implications of this asymmetry remain to be explored.
Cerebral cortex shows a completely different cytoarchitecture from the neighboring basal ganglia. The subdivision of the rostra1 forebrain into cerebral cortex and underlying basal ganglia is an early event in the establishment of regional diversity. The two adjacent ventricular zones give rise, respectively, to a laminar cortical region (Bayer and Altman, 1991) and to nuclear subcortical regions (Gerfen, 1992) . Furthermore, recent experiments showed that while neural progenitor cells are able to move within both dorsal cortical and basal striatal ventricular zones, they are unable to cross the boundary area between them (Fishell et al., 1993; Fishell, 1995) , suggesting the existence of molecular and cellular signals that establish the borders between cortical and basal germinal zones. Homeobox genes are often associated with an instructive role in conferring cellular identity to specific regions of the body (McGinnis and Krumlauf, 1992; Krumlauf, 1994) . The confinement of EMX 1 to the cortex throughout its development makes it a good candidate for the control of at least some of the identity cellular signals specific for this important cerebral region.
EMXI in the olfactory nerve
EMXl protein is present in nuclei of proliferating cells of the olfactory bulb from the very beginning of its specification and organization (Figs. 3A-E and 5A-F) . In late gestation embryos at least two layers of proliferating cells express EMXl (Fig. 5C) . Conversely, after birth only a faint EMXl signal is detectable in some bulbar neurons (arrowheads in Fig. 5F ).
In the cerebral cortex, in hippocampus, in the olfactory bulb and in every expression domain in the trunk and limbs EMXl is localized in the cell nucleus. Surprisingly, it is also clearly detectable in the developing and postnatal olfactory nerve (Figs. 3A-E, 5A-F and 6). EMXl expression is evident in olfactory axons in the lamina propria underlying the nasal olfactory epithelium, in nerve bundles between the olfactory epithelium and the olfactory bulb, in the olfactory nerve layer on the outer surface of the olfactory bulb, and within individual glomeruli in the glomerular layer of the olfactory bulb. This means that EMXl is present along the entire length of olfactory sensory neuron axons, including their terminals in olfactory bulb glomeruli. Glomeruli are spheroid or ellipsoid conglomerates of neuropil in which synapses are formed between olfactory sensory neuron axons and the dendrites of olfactory bulb axons, that is mitral and tufted cells (Mori, 1995) .
The detection of EMXl protein along the axons of olfactory sensory neurons raises some questions and invites a few suggestions. First, it is not immediately evident what role a protein believed to act as a transcription factor might play along axons. This observation might in turn cast some doubts on its identification as EMXl. We believe it is EMXl for several reasons. Apart from this specific localization, our antiserum recognizes a limited number of selected body domains, all in perfect agreement with the in situ hybridization data. Its presence in cell compartments other than the nucleus is exclusively confined to the olfactory sensory neurons. In situ hybridization experiments using the last Emxl exon as a probe (Boncinelli et al., 1995; Gulisano et al., 1996) actually detected a strong hybridization signal in the glomerular layer of the olfactory bulb, even if, in our hands, Emxl mRNA has not yet been detected in the olfactory nerve layer.
The presence of a protein and its corresponding mRNA along the axons of the olfactory sensory neurons has been already reported for olfactory marker protein (OMP) (Ressler at al., 1994; Vassar et al., 1994) , while the presence of mRNA along the same structures has also been reported for members of the family of odorant receptors (Ressler at al., 1994; Vassar et al., 1994) . Despite previous suggestions of the presence of mRNA in den-drites and axons (reviewed in Steward and Banker, 1992) , an unambiguous identification of mRNA along axons has so far been possible only in olfactory sensory neurons of rodents. This is not totally surprising as these neurons are known to exhibit many unique features (Craig and Banker, 1994; Keverne, 1995; Mori, 1995) including their property of continual regeneration.
A second problem raised by our observations concerns how EMXl becomes localized in axons of olfactory sensory neurons. Is it translated in situ on the corresponding mRNA, if present in the axon, or is it transported from the cell nucleus and maintained along these structures? Both hypotheses present problems. On one hand, the presence of polyribosomes has been documented only in some dendrites (Steward and Banker, 1992) . On the other hand, it appears particularly difficult to imagine mechanisms capable of maintaining this protein localized, especially in cells undergoing continual regeneration.
The presence of EMXl in the olfactory nerve suggests a role for this protein in the control of development and/ or functional activity of this very special cranial nerve, for example in creating or maintaining a specific positional or subtype identity for individual olfactory sensory neurons. Molecular mechanisms involved in olfaction have recently received much attention (Mori, 1995) . A family of odorant receptors (Buck and Axel, 1991) has been found and it has been reported that every single olfactory sensory neuron in the olfactory epithelium contains only one type of odorant receptor. Intriguingly, olfactory sensory neurons expressing a specific receptor type converge onto the same glomerulus, present in the olfactory bulb in a specific predetermined position (Ressler at al., 1994; Vassar et al., 1994 ). This poses a major question about the molecular mechanisms guiding olfactory axons to their specific glomerulus. Two different classesbf mechanisms have been hypothesized (Ressler at al., 1994; Vassar et al., 1994) . According to a first class of hypotheses, an individual sensory neuron might project its axon randomly to one glomerulus and molecules specific to that glomerulus might direct the sensory neuron to express exactly the odorant receptor which is specific for that particular glomerulus. Alternatively, individual sensory neurons might differentiate at random toward a specific subtype and start to express a specific receptor as well as other specific molecules that instruct its axon to reach its destined glomerulus. In the framework of this second, more plausible, class of hypotheses, several possibilities have been taken into consideration. The odorant receptor itself, some of its peptide fragments, or even its mRNA might be a tag for addressing mechanisms of the olfactory axon (Ressler at al., 1994; Vassar et al., 1994; Mori, 1995) . In fact, the odorant receptor mRNA has been very recently shown to be present along the olfactory sensory axons before they reach the olfactory bulb and establish synapses (Strotman et al., 1995) . In this line, it is conceivable to hypothesize a role of the EMXl protein in assisting axons of olfactory sensory neurons to find their way to their specific glomerulus.
Experimental procedures
Expression of the EMXI protein and production of anti-EMXI polycional antiserum
EMXl and EMX2 proteins were produced in the Baculovirus system according to the method previously described in detail (Corsetti et al., 1992) with minor modifications. Briefly, pVL94l/EMXl and pVL94l/EMX2 were obtained by inserting the filled-in SmaI-Hind111 (811 bp) human EMXI cDNA fragment and the filled-in BssHII-XhoI human EMX2 cDNA fragment (Simeone et al., 1992b) , respectively, in the filled-in BamHI cloning site of pVL941 (Pharmingen, San Diego, CA). Recombinant Baculovirus particles (BaculogoWEMXl and Baculogold/EMX2) were obtained by transfecting St3 cells with the wild-type BaculogoldTM (Pharmingen) viral DNA, together with pVL94l/EMXl and pVL94liEMX2, respectively, purified by limiting dilution and dot hybridization. For the production of the recombinant proteins, Sf9 cells were infected with 5 pfu (plaque-forming units)/cell of the recombinant viruses and cells were recovered and lysed as previously described (Corsetti et al., 1992) . Both the cytoplasmic and the nuclear lysates were analyzed in SDS-PAGE and stained with silver. A band that was absent in lysates from cells infected with a control virus, was present in the profile of the nuclear lysates, accounting for approximately 1% of the total proteins (not shown). Both EMXl and EMX2 proteins were purified by ion exchange chromatography using Q and S Sepharose Fast Flow columns (Pharmacia-LKB, Uppsala, Sweden). After elution, the fractions containing the recombinant protein were renatured by extensive dialysis against buffer D (20 mM HEPES pH 7.9, 100 mM KCl, 0.2 mM EDTA, 0.5 mM PMSF, 0.5 mM DTT) at 4°C. The recombinant proteins were stored in buffer D supplemented with 20% glycerol at -80°C.
To produce the anti-EMXl polyclonal antiserum a HY-CR rabbit (Charles River, Lecco, Italy) was immunized with subcutaneous injections at IS-day intervals with 1OOpg of purified EMXl recombinant protein in complete Freund's adjuvant (Sigma, St. Louis, MO). Seven days after the fourth injection the rabbit was bled and the serum was tested by enzyme-linked immunoassay utilizing plates coated with purified recombinant EMXI and alkaline phosphatase-goat anti rabbit IgG (H+L) antiserum (Sigma). Antibodies directed against mouse antigens were removed from the serum by adsorption with a mouse liver total lysate immobilized on CNBr-activated Sepharose 4B (Pharmacia). Furthermore, antibodies crossreacting with EMX2 epitopes were removed by adsorption with the purified EMX2 recombinant protein immobilized on CNBr-activated Sepharose 4B.
